ABSTRACT The prevalence of selected illnesses and symptoms during 1977-85 was compared between 175 employees potentially exposed to the organophosphate insecticide chlorpyrifos and 335 matched controls with no history of exposure to organophosphates. Subjects were subdivided into three exposure intensity groups on the basis of job title and air monitoring data for dose response testing. This classification scheme was shown roughly to correlate with plasma cholinesterase inhibition in the workers. No statistically significant differences in illness or prevalence of symptoms were observed between the exposed and unexposed groups or among the three exposure subgroups. Potentially exposed employees did report symptoms ofdizziness and ofmalaise and fatigue relatively more often than subjects from the comparison group; however, further analyses by exposure level, process area, or time did not support a relation with exposure. No cases of peripheral neuropathy were seen among the exposed workers. Although the sample size was small and the statistical power limited, the cumulative exposures likely to have been experienced by this workforce exceed those to be expected for individuals using the product as recommended. The absence ofexposure related adverse effects, including neurological impairment, is reassuring.
Chlorpyrifos (0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl) phosphorothioate) is an organophosphate insecticide shown to have broad activity against several common pests and is widely used in both agricultural and nonagricultural applications. Increasing use of the product has resulted in a corresponding increase in queries about the product's potential to cause human toxicity. The present study was undertaken to determine if employees engaged in the manufacture or formulation of chlorpyrifos experienced more frequent illness during an eight and a half year period than a comparable group of coworkers without a history of exposure to organophosphae.
As with other organophosphate compounds, the substantially depress plasma cholinesterase with no effect on erythrocyte cholinesterase and without any evidence of a cholinergic response.3 Because plasma cholinesterase activity is the most sensitive indicator of exposure to chlorpyrifos, it is often used for medical surveillance of exposed workers. Chlorpyrifos is considered to have moderate acute toxicity with single dose oral LD50 values in rats ranging from 118-270 mg/kg for males and 82-174 mg/kg for females' and Henck JW, Kociba RJ, mammalian and Environmental Toxicology Laboratory, the Dow Chemical Company unpublished data, 1984). Animal data indicate that it has a moderate potential for absorption through the skin in acutely toxic amounts (Henck JW, Kociba RJ, 1984) . Other studies suggest that man may be less likely to absorb acutely toxic amounts than would be predicted from the animal data.3 Technical chlorpyrifos has not been shown to be a skin sensitiser in two studies using standard test methods (Henck JW, Lockwood DD, 1978; Carreon RE, Wall JM, 1983; unpublished data); however, some formulations have been shown to be weakly positive.
The subchronic oral toxicity of chlorpyrifos has been evaluated in rats, dogs, and monkeys. Doses in 134 plasma or erythrocyte cholinesterase.' Doses above 10 mg/kg/day are required to produce cholinergic responses. No signs of toxicity other than those associated with cholinesterase depression have been observed in any species.
Human volunteers receiving 0-1 mg/kg/day chlorpyrifos by mouth showed a 66% reduction in plasma cholinesterase activity after nine days.4 No signs or symptoms of toxicity or changes in erythrocyte cholinesterase were observed and plasma cholinesterase concentrations recovered completely within four weeks of exposure. Exposure to 0 03 mg/kg/day for 21 days resulted in slight, but not statistically significant, depression of plasma cholinesterase; no effect was detected in volunteers receiving 0-014 mg/kg/day for 28 days.
The low vapour pressure of chlorpyrifos (1-87 x 10-5 mm Hg at 25°C) precludes the generation of acutely toxic vapour concentrations at room temperature. A 13 week nose only vapour inhalation study in rats produced no effect on plasma, erythrocyte, or brain cholinesterase at the highest concentration tested (about 296 yg/m3) ( There have been few observational studies ofpeople exposed to workplace levels of chlorpyrifos. An industrial hygiene and medical surveillance study was conducted of 25 pest control operators who were exposed to three organophosphate insecticides; dichlorvos, diazinon, and chlorpyrifos." Twenty four hour urines analysed for alkyl phosphates confirmed the presence of metabolites of the three products. Air monitoring showed mean eight hour exposure levels of 30 95, 6 29, and 7-54 pg/m3 of dichlorvos, diazinion, and chlorpyrifos, respectively. The operators were shown to have had a statistically significant inhibition of plasma cholinesterase compared with an age and sex matched control group. There were no significant differences in the mean erythrocyte cholinesterase values between the groups. Physical examinations showed no apparent toxic effects in the operator groups.
There have been several unpublished alleged health effects associated with the use of chlorpyrifos. Among the most commonly cited are headaches, allergic type reactions (particularly rashes and asthma), and to a lesser extent liver or kidney disease. In general, those effects are not supported by the animal toxicity data derived under experimental conditions and do not seem plausibly to be related to chlorpyrifos. Nevertheless, the present study was undertaken to determine whether people working with chlorpyrifos may be adversely affected.
The Michigan Division of The Dow Chemical Company, has manufactured chlorpyrifos at its Midland plant since 1969. Chlorpyrifos has been manufactured in one building, formulated as a liquid in another, and as a granular material in yet a third. All employees assigned to any of those three buildings for more than one day between 1 January 1977 and 31 July 1985 were identified from computerised personnel records. Job classification titles were provided to industrial hygienists and veteran manufacturing personnel to determine those involving a reasonable potential for exposure to chlorpyrifos. From the 204 employees originally identified, 175 were determined to have held jobs involving potential exposure and constituted the study group.
A comparison group was chosen from among other employees at the plant who had no history of assignment to those three buildings or of working with organophosphates in a research or manufacturing capacity. These control subjects were individually matched with members from the study group at an approximate ratio of 2:1 on year of birth within five years, year of hire within five years, sex, race, and pay status (hourly or salary). In some instances these criteria had to be relaxed in order to derive at least one matched control for each study subject. None the less, Illnesses and symptoms were grouped into five major and 15 minor categories for analysis. A subject could contribute at most one observation within each category, but possibly several to different categories. It was not always possible to distinguish illness which existed before the follow up period from illness newly occurring during the follow up period. For this reason all diagnostic data were considered to be period prevalence. The relative risk was taken as the measure ofassociation between exposure and disease, and 95% confidence intervals were computed. A finding was regarded as statistically significant if the CI excluded the null value of 1-0. All analyses were performed using software of the Statistical Analysis System. '2 In addition to recording the diagnoses and their associated dates, the source of the information was also recorded (self report, nurse, company physician, private physician, or laboratory). Histories of using tobacco, alcohol, and cholinergic drugs were abstracted as were the number of periodic voluntary health examinations in which the subject participated. The latter four items were treated as potential confounding variables in a stratified analysis."3
In-scope jobs were grouped as high, moderate, or low according to their potential for exposure to chlorpyrifos. This was done based on industrial hygiene surveys (table 3) and in consultation with veteran manufacturing personnel. Analyses of illness and symptom prevalence were then done separately within each category to examine for an exposureresponse gradient.
Employees with potential exposure to chlorpyrifos had baseline pre-exposure plasma cholinesterase measurements (Micro-Michel method before October 1983 and Boehringer-Mannheim method thereafter) and follow up monitoring at roughly monthly intervals. This gave us the opportunity to examine the correlation between a biological index ofexposure and our three categories developed solely from data based on industrial hygiene air monitoring. Cholinesterase inhibition was taken as per cent of change from baseline and linked to exposure categories through the dates of measurement and job assignment. Mean inhibition was computed for each subject and a weighted mean was calculated for each exposure category. (The ratio of-the inverse of the standard error squared to the sum of the inverse of the standard errors squared was used as the weight.) By this method, the mean cholinesterase inhibition associated with the low exposure category was 19-1% (SD 2 9), with the moderate category 32 1% (SD 2 8), and with the high category 32-0% (SD 5-3). Thus there appeared to be a rough correlation between the classification based on air monitoring data and the degree of plasma cholinesterase inhibition, although the latter failed to distinguish between the categories regarded as moderate and high.
Results Table 4 presents a summary of illness and symptom prevalence among study and comparison subjects unadjusted for possible confounding factors. Adjusted analyses provided similar results, indicating a lack of Morbidity among employees engaged in the manufacture orformulation ofchlorpyrifos confounding by use oftobacco, alcohol, or cholinergic medications, or by the number of voluntary periodic medical exams in which a subject participated. There were few differences noted in illness or symptom prevalence and none was statistically significant. Analyses by level of exposure also showed no significant findings.
Among the non-significant differences was the higher recorded prevalence of general symptoms among exposed subjects. This included more frequent reports by the subjects themselves of dizziness, malaise, and fatigue. These reports did not cluster in time, by process area, or estimated degree ofexposure.
No cases of peripheral neuropathy were recorded among the study group. The lone case of hepatitis among those potentially exposed was determined to have been viral in origin. One study subject was treated for inhalation of chemical fumes but the offending agent was identified as chlorine. There were no other findings which were regarded as clinically or epidemiologically significant.
Discussion
An eight and a half year morbidity survey of employees engaged in the manufacture or formulation of chlorpyrifos has not shown them to have experienced significantly more frequent illness or symptoms of illness relative to similar workers with no history of exposure to organophosphates. This is consistent with the predictions from studies in laboratory animals and human volunteers which indicate that adverse clinical effects should not be associated with the levels of exposure experienced by workers in this study. Inhibition of plasma cholinesterase was observed, but without any detectable neuropathology or other illness.
Employees exposed to chlorpyrifos did report symptoms of dizziness and of malaise and fatigue relatively more frequently than did subjects from the comparison group; however, further analyses did not support a relation with exposure.
The present study has several limitations that must be considered. The contingencies ofmorbidity reporting are varied and complex. Only those patients who perceive themselves to be ill enough to seek medical care and are properly diagnosed actually contribute information.
The sole source of diagnostic information was the employee's medical record, representing a chronological list of visits to the company medical department located on site. Although the department's emphasis has been the diagnosis and treatment of occupational disease, historically the employees more often have sought attention for non-occupational illness and injury. Beginning in the 1960s employees have been offered a periodic examination including: health history, blood chemistries, urine analysis, anthropometric measurements, blood pressure, audiometry, visual acuity, pulmonary function and electrocardiogram testing, and chest x ray and haemoccult evaluation. Data from the present study show that 95 4% of the study group and 91-3% of the comparison group participated in at least one such examination during the observation period. Hourly employees who are absent from work for more than three days due to illness are required to provide a diagnosis from their private physician, allowing another opportunity to learn of any disease among the workforce.
The sample size (n = 175), available for this study, limits the power to detect statistically significant increases in risk of illness in the exposed group. The cumulative exposures likely to have been experienced by this workforce, however, exceed those to be expected for others likely to be in contact with chlorpyrifos when working with the product as recommended. Thus the absence of evidence for adverse effects associated with exposures to chlorpyrifos is reassuring.
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